inconsistent assumptions in that perfect mixing was assumed 
in the calculation along with data taken under conditions where 
this assumption is not applicable. With the proper E(t) the 
calculated curve for molecular mixing would probably be very 
close to the curve for ““R (Measured)’’, except possibly at very 
low r.p.m., on a plot of conversion vs. r.p.m. 

We think that our work may offer the first experimental 
evidence for segregation in a stirred tank reactor, but some 
may feel that non-isothermal effects inherent in the experimental 
technique may obscure the true situation. Thus, we would 
welcome confirming evidence with orher reacting systems and 
other reactor geometries. The need to separate “the change in 
E(t) from an indication of segregation has been established. 
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Pittsburgh, Pa. 
Editor, C.J.Ch.E.: 


D: Worrell and Professor Eagleton are correct in stating 
that the overall conversion achieved in a CFSTR is strongly 
dependent on the residence time distribution (r.t.d.). This fact 
has led to many model studies, e.g., Cholette and Cloutier, 
in which varying degrees of bypass flow, plug flow, and dead- 
water space are postulated in order to match r.t.d. data. How- 
ever, for reactions other than first order, the overall conversion 
at constant nominal residence time can be affected by the type 
of mixing. Two extreme models exist; the first is the perfectly 
mixed on the molecular level or “‘micro-mixed”’ as Lev enspiel 
calls it; and the second is Danckwerts’“ complete segregation 
or “macro-mixing”. Alternatively, Zweitering has shown 
that for a given arbitrary r.t.d. reactor yield depends also on 
the earliness or lateness at which mixing occurs. In view of 
the limited quantity of data presently av ailable it seems impossible 
to characterize the individual roles exerted by all the above effects. 

Professor Crowe corrected a serious misprint in Equation 
(7), p. 68 of LaRosa and Manning’s paper. The suggestion to 
employ pseudo first order reactions to detect changes in r.t.d. 
deserves experimcn:al trial. 

Drs. Ng and Rippin not only caught the misprint in Equation 
(7) but also corrected the computed values of R.,,. The latter 
error was due to an error in the computer program used for the 
numerical integration. 

We have just measured r.t.d. for a C.F.S.T. over the range 
of 0 to 500 r.p.m. This data indicates that r.t.d. changes very 
little with r.p.m. and the experimentally measured yields at low 
r.p.m. still exceed that predicted for complete segregation and 
the experimental r.t.d. This anomaly remains to be explained. 
Obviously additional data, of improved accuracy, would be 
most helpful. It is hoped that this discussion will encourage 
further experiments. 

The definition of R,,,,, (molecular mixing) was quite arbitrary 
and hence is susceptible to discussion. Again R,,, was introduced 
to emphasize that the observed variation in overall vessel yield 
was, indeed, measurable and not just fortuitious. 


References 


(1) Cholette, A. and Cloutier, L., Can. J. Chem. Eng., 37, 105 (1959). 
(2) Levenspiel, O., “Chemical Reaction Engineering’, Wiley & Son, 
N.Y. (1962). 
3) Danckwerts, P. - Chem. Reaction Eng., 1, 93 (1957). 
4) Zwietering, Th. N., Chem. Eng. Sci., 11, 1 (1959). 


D. Wolf and F. S. Manning, 
Chemical Engineering Department, 
Carnegie Institute of Technology. 


The Canadian Journal of 
Chemical Engineering — 1964 


INDEX OF PAPERS 


Absorption of Oxygen by Sodium Sulphite on a Sieve Plate, 

The —1..J. Harris and G. H. Roper... 34 
Activation Energy Calculation from a Linearly-Increasing 

Temperature Equipment — 

Analytical Solutions of the Equation of Heat Conduction 

for a Non-Homogeneous Medium — 

H. S. Heaps and R. D. Srivastava 120 
Application of a Modified Conditional Probability 

Computer to Chemical Process Optimization, The — 

B. Tinker N; Nikviorek 126 
Catalytic Selectivity in Complex Systems —John B. Butt_..211 
Characterization of the Component Distribution in the 

Fractionation of Multicomponent Mixtures, The — 

M. Bader and 1. 47 
Chemical Sampling as a Data Filter — George A. Coulman_..262 
Computation of Chemical Equilibrium Compositions — 


S..H. Storey: and F. Van Zeggeren 
Continuous Vertical and Inclined Settling of Model 
Suspensions — DD. RR. 268 


Correlation of Adsorption Equilibria of Pure Gases on 
Activated Carbon — W. H. Cook and D. Basmadjian...... 146 

Dehydrogenation of n-Butylenes over Calcium Nickel 
Phosphate: Determination of Relative Adsorption 


Coefficients — J. Firko and D. S. Alexander... 183 
Determination of Chemical Kinetics for Multiple Reaction 

Systems — R. W. M. Letts and H. S. Mickley_..._.. 56 
Determination of a Simplified Transfer Function — 

J. E.. Donniger and W. F. 


Direct-Contact Heat Transfer Between a Single Drop 

and an Immiscible Liquid Medium — 

S. Sideman and H. Shabrai... 
Drag and Oscillatory Motion of Freely Falling 

Cylindrical Particles — 

E. K. Marchildon, A. Clamen and W. H. Gauvin.......... 178 
Effect of Abrupt Concentration Changes on the Motion 

of Free Drops—R. S. Valentine and W. J. Heideger_ 43 
Effect of Vapor Velocity on the Condensation of Steam, 

Estimation of Latent Heats of Vaporization — 

Evaporation Rates in Spray Drying — 

Experimental Study of Mixing and Segregation in a 

Stirred Tank Reactor, An — 


G. R. Worrell and L. C. Eagleton. 254 
Filled Linear Polyethylene Compositions — W. F. Furter_....125 
Flow of Viscous Fluids Over Weirs — E. W. Slocum............ 196 
Heat Transfer in Spouted Beds — 

Heat Transfer from a Moving Belt in a Rectangular 

Duct —D. A. McCarthy and J. J. C. Picot......_._.. 277 
Hydrates of Methane and Sulphur Hexafluoride, The — 

L.. D, Soxtiand D: B: Robinson. 38 


Hydraulic Efficiency of Aluminum Pipe Over a Large 

Range of Reynolds’ Numbers, On the — 

Hydrocracking, an Example of Modern Hydrogen 

Processing — D. D. MacLaren, A. R. Cunningham, 

G. W. Hendricks and A. E. Kelley_.__________ 88 
Hydrogenation of a Coker Distillate Derived from 

Athabaska Bitumen — 

A. R. Aitken, W. H. Merrill and M. P. Pleet_....... 234 


Inclined Settling of Dispersed Suspensions of Spherical 
Particles in Square-Section Tubes, The — 


Intensity of Segregation as a Measure of Incomplete 
Mixing — P. LaRosa and F. S. Manning_........-.-...........------ 65 


Isobaric Vapor-Liquid Equilibria. System: Benzene (1)- 
Cyclohexane(2)-Toluene(3) — 
B.V. Sabbarao and C. Venkatarao.......-..--.------.-.-----0----- 266 


The Canadian Journal of Chemical Engineering, December, 1964 


Kinetics 
Hy dr 
Laminar 
Entra 
Richa 
Mass Ir: 
Memt 
Ww.F 
Mass Tr 
R. B. 
Mass Tr: 
Turbi 
Minimizz 
Flow 
New Bas 
Raym 
Non-Cat: 
cular 
Novel 
A. F. 
Observat 
Lee R 
Optimun 
Dynai 

| 
Phase Be 
Syster 
Pipeline | 
Invest 
Cylin 

to tha 
Pipeline | 
Invest 
Cyline 

of W: 
Pipeline | 
Invest 
Spher 

of the 
Pipeline | 
of Sor 

R. Ne 
Pipeline | 
Invest 
Cyline 

to Th 
Populaito 
A. D. 
Productic 
Sodiut 
Pumping 
Pipe-I 
Reciproc: 
Devel 

Residenc« 
Recyc 
Resistance 
Partic! 
T. Ha 
Silver Sp: 
Bed — 
Some Seg 
Spouting 
J. W. 
Temperat 
Two |] 
M. Be 
Thermal 
Time De 
Hydrc 
Kenne 
Vapor-Li 
hex 
Isamu 
Vapor-Li 
Selenit 
Venting « 
D. Bas 
Yield Stu 
of Con 


The Can 


: 
+. 
284 


inconsistent assumptions in that perfect mixing was assumed 
in the calculation along with data taken under conditions where 
this assumption is not applicable. With the proper E(t) the 
calculated curve for molecular mixing would probably be very 
close to the curve for ““R (Measured)’’, except possibly at very 
low r.p.m., on a plot of conversion vs. r.p.m. 

We think that our work may offer the first experimental 
evidence for segregation in a stirred tank reactor, but some 
may feel that non-isothermal effects inherent in the experimental 
technique may obscure the true situation. Thus, we would 
welcome confirming evidence with orher reacting systems and 
other reactor geometries. The need to separate “the change in 
E(t) from an indication of segregation has been established. 
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that the overall conversion achieved in a CFSTR is strongly 
dependent on the residence time distribution (r.t.d.). This fact 
has led to many model studies, e.g., Cholette and Cloutier, 
in which varying degrees of bypass flow, plug flow, and dead- 
water space are postulated in order to match r.t.d. data. How- 
ever, for reactions other than first order, the overall conversion 
at constant nominal residence time can be affected by the type 
of mixing. Two extreme models exist; the first is the perfectly 
mixed on the molecular level or “‘micro-mixed”’ as Lev enspiel 
calls it; and the second is Danckwerts’“ complete segregation 
or “macro-mixing”. Alternatively, Zweitering has shown 
that for a given arbitrary r.t.d. reactor yield depends also on 
the earliness or lateness at which mixing occurs. In view of 
the limited quantity of data presently av ailable it seems impossible 
to characterize the individual roles exerted by all the above effects. 

Professor Crowe corrected a serious misprint in Equation 
(7), p. 68 of LaRosa and Manning’s paper. The suggestion to 
employ pseudo first order reactions to detect changes in r.t.d. 
deserves experimcn:al trial. 

Drs. Ng and Rippin not only caught the misprint in Equation 
(7) but also corrected the computed values of R.,,. The latter 
error was due to an error in the computer program used for the 
numerical integration. 

We have just measured r.t.d. for a C.F.S.T. over the range 
of 0 to 500 r.p.m. This data indicates that r.t.d. changes very 
little with r.p.m. and the experimentally measured yields at low 
r.p.m. still exceed that predicted for complete segregation and 
the experimental r.t.d. This anomaly remains to be explained. 
Obviously additional data, of improved accuracy, would be 
most helpful. It is hoped that this discussion will encourage 
further experiments. 

The definition of R,,,,, (molecular mixing) was quite arbitrary 
and hence is susceptible to discussion. Again R,,, was introduced 
to emphasize that the observed variation in overall vessel yield 
was, indeed, measurable and not just fortuitious. 
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